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§£>£3° CO 

1900dep dd^cS^oo 8s£>d ©E^rrgSS, esSSo^oPd ddspoa 


ds doodd iTodd 6 n°<D dex>dodo dFdocSd s^do. 



ddd d°od§ dooodo£)d d&pod dp^odotPooo. 



dood£3 (ddod cdoodo ddospd esd^Dd 6 d^odS d)£° 
So'jp dddo doodoaxgod. rp^d 6 ^d^) d£3 oodo£) 
d&^OOd 6 Sl^d dd^lb 8oddd doodooocgod. 



BPSdcdpd ^ddo 


^^000. 
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1930S 6 as "fi 6 3oaa £7=5 11 

83 

esSgSl “<3d6> sieoo” 69^ ddddo siofid 
dd^od ds^fi 6 dd6" _ doo356 s (dddjotPdo. 
d^odo doo^pco t£d^^ sioS P^dod 6 
90% rp§§. 69dco 63 si<3 

no 

cL "ood o^d "ob&36P oScD 
o eo 

*3dod. 


docps^o^) dpdo^fi 
§dsP>C0 5°68Dd^) 



sDcdodo sprp ddrp &od, &s^(dd do^&p^ 
ddogdrp &d^ddod53o6 s £pcp 6^0 adjaptib 
&OO ^-^dDO# do^DOrP &oddo tfdodOtPdo 
dl. sio£^ s5c5 £)|pdoorp 3d)8§1b ddod^cdpco 
d£o e?s§). rpa^ f^do# si^d d^jlcdood^d 
(tfSPOtPdo §1. 




dod3 d°dco &ocS rpa^ sp&ii d^dod&g S5&6 6 50% 
dftodo^dd^d dl |dSPO£Pdo. 


dooodod dPCddodo dd>)d dpdo do doodo d5&S) 

tJ oo 

s d oo6 s sio^ 6 dddcpco t^dds^doocp 


63d5 l§3°S 69^ dod 6 636;d3l ddoo^ f^doS do dofb 6*>io 

Q ^ 6 - eo oo—D 

^Sdo^ s5ddo esodod 6 dcod t^otoodd (dSpocpdo. sigjd 
dd^do^CPdS Sid 6 ^)dj)d&ggd ddd. 


s°d 690^6^ dodd (ddod cdood^) ddo^ £>d6oo dood^ep 
dda^&^OOD. dpdopco Sl^ 3D§d3 15% 

d&goS. S°83$ SPSd ^bo&^SPbo eS&gpS <S9d)dp d£P)&. 

19386 s ddo. so. <S. d^dcp^ocdodd dodd d^ooo^ 
d^d)^ 69^ d^l sig>d dd^cfedod 6 £j°6 Ibddssoo (solar 
collectors) ddcSpdo fbdod dodo d^spo d°to d°ftd 
dd^ddS (4s°do do6Pdo. SlddD dpsfcododd dddu^CO 
dp cp s3oool) dd^odd dddcpod S 6 © d)^oo3. dp& 
dood sSdSgd £>bo §od§ 8Pd d fcpo&^S ^do<&>od. 
rtdoo6 s £) dod rp© £^>d ibo^od ds s§&£>6) 6podo 

Sodorp \&3°&0 69^)dood. 690° dd}83&d rpf) ©dft 

Slo£)^§ (d^dd&ododood. 



19476 s dJ5o. 83.fi. 8P)Odo d §°d (dc5pdo ^dod. sio£S§ 
d§ss)o dd) f^d ddd ^sdo &do dodd s°d3 ^dou^do. 
dodo SPdo rp8^ ffd dd^, dodod3 ^)0dod, 20 e)6od 
dso^co t3u^do. Sdo ^dd^d^do 69odo6 s d ^d 
sio^§ (d^'So^d. 
ddodd $OS°CO tD^dssoo 
dcp^_ ds du^doo dcdoo. 
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ddb.so.S.d dodd cp. do6d5p sioeS "dd dSdpraod 6 
£>6Sd cpddo 63dtfrad3a°fgo s^dd ^pdodod. "dd dooePod 6 
&5^d^ d^dd l^dodod, 63 ^£§ dOA, ®Qft ddd^&^d} 

63 &dpd") dex>d£> 0 ^ dCPtPO g^O 63Cd rpDodod. 

C 3 oL Cp 


dd^dpspdod 6 dpcp Sbo d^dod t£c^d^_ 

(dd^dood. dpdope33 &d^§ 8Ddoco /TsdS odsp>6 
©ios° sprp dd^d^ooo. ds dd&d 6 

-° Q 

‘l)8P<& siod’ d dd^odod. 

s°d dodd^d^>do odspo 
(d^pdo do FF&pzx) d^ds^ooo 
si£b dbodd3pdorp ^od^cdcpooo. 

no 

3odd |ddod cdood ^ood 6 oioddo dddo^orp 
d^d^d. s°d cdoodo dooA^d dododpoo siod^pd^ 
63&rp cpddo dood66pdo. d5oo£30£§ do'd^oo 

eo 

dp cp dAod ddoodo, rrgd, ddcg<f 

ddcSpdo "dOT^ep (^d^SpotPoao. 




19486 s &^oQs°€P 
cp^od^d &>dg£) dddod 6 £P<3d 
(§3°^ 63^ d^| ‘S 6 ^ 8D&’ d 
dd^OCPdo. 63&d&gd doaoS 
dodddoPI dd&d 6 63 od 
dd^dood. 


dododD ^dd 6363P^doddD dp& dod§ 



f%s 3© 0 tf 0(2 . 
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18966 s <p(c0^co 

(S&dapqpQ^ ogspo fb0o£) 3co&&^&. d5x)c5£>c&>o 
£d£psso^)£> L <£§°od3 €£)£) ^o£b£oot5o 3o£b 

^rpcorp SD&s^ox) es>sto5ab;6 •£§£) Sex>£6£oo£>. &^^o|d£ 

(nuclear fission) £9o6pdo. 





d5ooC5o &&Z7>& sposdoo essSSdo ^Qs^ooooft. psdS 
qd^oQs 0 J 

69^_ ;p£o&£> sp£b&ofop ^o(£>£ ^SQsp^p^ sprp 

(J^£^o!PO£P6Sd. ^0(C5^ cOD^5§g^^Q{6^), cp^cD 

(o5c5p88^pci§ ^)odop CP8sid5o £<po^ j 

l=old5£ S)^)(^prp^>) ££q6&p £>£P^ooo. 

v - — D oL Q _ o Xj 

“io^ •£§ (Doel £5£>£rp ^ooos^<&>od5od3 cp£) 

S^^cpSi £d6d 6# S3£) &od<3o,” esofop cp^ ££o6o^5Pbo 

£&g£ofP £P(^5P&. 
^CoC&OcQ £5cb I^cbc6 ©!b£> 

s^&g 6 £ d 6 &> o €)£ £^d±>o s9osp ^5&s^d5pdo. 
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cdood $f)dorp &&&j°UoQ •£§ £o(d£oo£)o£). && £od§d o s°6S £Pep &>o£> 3 p£>^&. 
d&>o dsS^o <ddO &>o&, '6£(^LPq7 , 0^ £gtpe;£> £>ddo £pcp cS&c^cp 0 ^ £>§dsPo 

5°cx)SSqo ^£p)£b. ^oldd ^cpcps^co <DS>\ dsDodo 3 Sp^p ^oldd £>£doco 

&&)6o e5d5D. ‘[&6b<5 sDePoS’ (1979), 35^8)^ (1985), 

(2011) (qS&pcpo fbOo£) 
5> £9Od50i H0?DO(3. 


- £^3-_. — _. . - 


dd 40 <*>3 d©s° &,d; §°<d l^oldd du°)n°do £pcp £)Q)Ot5e5d£>. 

$)&i}&p ddospd ssd^O <ss &&^o(£5d du^rpcpco 

6&> 3cdog£5c>£)o£>. 

19986 s sio&d5p 830 Id^ s)%pS £>&£§ ^^£>cpospdo £o£pcp£o<3o 
3oCPdo. <S9^_ ^SPO CP83ic&^Pd5D&CO ^dSoo^d 6 So^co ^eS^do. 
£o0&)S £Sd&) 6^ £)dCP£>§ 3Pb^C& ^(cO^deX) cbdsDCPdo. 



ss)£>cdoo(©d ££>j&p 
(£)d&P££Q sposdo) 


£>cdoo(pd £tDy5p 
(^o(dd *8) 



£a s^s5s36o®3S £g©c5dorp L &,o&)6 dodo 
£)d&;5 (a5d6So£)o£). es)<d<2, ep§ s§dd. &)©8ePg 
esOgSd), rpoq§cdo5p£). ^(r0^«de; d)§} e9SpoS°^8on° 
&ocpo£), d>cpg£dsp£)§ (^cdo&gdon 0 &ocpo£) 
lb<do§ &£d3pdd)c5eP &OCPO£) 8P©ibd ^5)000^ 
n°o§) 3§b^6 S&pfoo ^cdo;6 sSdS 6 ^ 0 © &>d>§ 
dD&^^dD. rpoc^cdo £ap;p£)d £>o8Do§>o£)d> dap£b 
ssddop £3 d>ddp£SDd)8d§ e5s§). 

_-ro uj ^ 



£7 

|p(6r J)6(|I (Jte^dDO ^ 
§^0 lb<d lb<d es&ddoex) 

00 eo 

SO^oS JSosp^d 6 

Su^do 3d5pg0. 


ddoodo £>od>co dOA^do^ooo. sicpld 6 , es^S)^^^ 6 , 
si^die) s^ood 6 ©spgd 6 £oft0d> £)&£)££> ddoodo sp^)o 
& ^(ddorad^o &d^on° s^da asdofb^oS). 

^PCPO^U^d g^O €9^S^ES 83do^b#o£). 
I SPcdOQ •£§, ^Pd d§ - 

&>d5^ e3qpdd>& &o£>. 



<A 


? 



33 




(dodd 6 ^<2, 3d£g£o sSo §°&rp 
siodJ^pS^ <sscp Sdigdoo. s°£) £j 0 6<g§>p 
^dorp S)d£g& §od £pd}d©ftii £9& d°£y) 
S^rtSS cpQ&cdodo&). 

SDdsSpeaoS^)^ ^o(d5do <dp63P 

doesSCigcp^^o do ££^c 5 sso^)co 

^&dD^0O6PO00. £>£3£) J)ol5°&> egQfcpdi).^ I \ 

v -eo ™ C O 

§°S>|_ <Do(S^& SStfSSPSSOS^ &>0(S, S§db5S& I — 



\ 


\ / 

9: 



si<dd £d£pss)0^)o fi'gn 0 S)d£g& (££^£oo£>. 


18696 s 7 j°$ 
§3d^d’ €9^ gDoS 
s°oS3d£g§ 

(gS^PSP^ 

(photoelectric 
-— effect) 

£)6^LP€9D^) &>0<2 cDo(SPc 6£> 

Sdofi°&dl)7^&>o<d •£§ &pdgs o oS6 6 
&O6D0O&. 0)0 °oS £d£)PSS)0^)O Sod5 
s°o& £<2£^£b 3dig& $5)£b<&)o£). 


!ob $ cdoo es^ &o<d ^3^6 oS3^SdJ 62^)& 3dig& ^)£b<dood5£) 

18736 s do szo^j. Sgel €9^ d^cdoSd ^(ro^ d5p!bo£p£b. qdo ° 

S)dcgd& £d£)PSS)0 £)&J|c 5. S°£) CP£)§ 8od |o 5(^CP88^0 &Od5£) €9ds5ooxgo£). 


oiot5oSbot5o 50 £)# <ddosp<d £pBS iSd^ €9^ ssSoddS ^lcO^<d 

no no v cJ S*_d o 

^DO^D^DOdSS ^d$06PC>£) (dcdpdo^^di). 



7:l)Scdoo 6 s £po (&^CPd d£> 
&>o<2 £oo£b &dodo &>o<2 
<dcdpdo^^do) S 6 t3&;6 
£b c^doo &od5 &Sj£), 
^ddS^d^^ oorpdo sS°d 
^p<drp ^do. £s £odoo 
£o<d &pd£ s°ol^ £<23^)<£) 
o)odi)6 s 1% *£§ SdS^&rp 
£p0o£>. 


&p< 5§5 °oS 


^>l)£>cdoo£) ‘£d5o£<f tSdo^f rp spcpdo. cp£) 

Sod5 5°o& £<2;6^d£) jSj^P £>d5cg<f (qS^pspo 4 
^<do<doo£>. cp£) sSo ^oS 6 ufe &>0o<d lbd5 
3&g§ (oSsp^po ^<do<doo&. cp£>§ 
s5dgSS^°;6orp <dco^)co ildorfo^sSdoO, 

5ood56^6 $0€Poo doodDsPooo. 



J)ols°^ IoSsp^po 

V -P .1 oo *- 


(SSs7 > SJ°0 



^b S^orr 5 s°o© &(c6e3£) 
g°S^ s°o& ^SSs^OKb 
6 j°£p oaocpCb. 
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1948d 6 dcpcpodo 

© cp 

(semiconductors) 

^od^d 6 L dbd dc^u^Sh dod 6 

Q 0) oL 

dcpdod 6 s°dod dcodido ^d°do. 
0) — 0 — 0 

&6^°o sSc^cpoS 6 ldj°Sh^6 

cp (?) ^ cJeo^ 

cdxdo doodooxgod. 



19546 6 cpsSJ) § 3odd ^(d^dco ^dog^oc? 3 L ddc&pd^ 
ddodo;^do. da <s3dd?dss) ^Pd$c>6D dde^dod 6 dddo H£ho£>. 

d0s°S Sod s°o& ddd^do dd^gd: ^dodoodd sptfg ddD&g^do. 
&oo 1% d§d dcp(dj3o “dSdcdoo d^sid dodod sprp 

dd^dod. 

dod dodog &ocS do£3 d^do, cpd^do dSdcdoo s&dgporp 
d°do&dood. 5°d ^0S°S - <S3§^83^ OO^Pd^ doddo Z5°0° 
ddp. S)©3°Sd dod *3d dd)d c5d>corp ^c&p©. 

ej q oL 

dftd o>dbd dcpu^od ^odod 6 (d^d1b6pf). 
ds (dipc&oS^ o>dddo s°ddo do cpd spSdo 
8Pn° d&gpS S9^)dood. 



s°o& ddog<f dgddod dd^ dddpraod 6 gododddjy 

S°8dS doo^orp dggG^P |o5^|tOdddj). 

dd^S dd$u° ^do# dd e5d>ocp ddgd s°s3°e;oj5 

odgd ddogdjd &d)S ^do^ddj). 

es>d d^dScdojgdd. s^od^d 6 dde5 d&^prpco &odS§). 

£P£3 dd^P^g esd&g 8p&J dPCP d&goS. 


£pd$o&pod dpcp ssdo dod^^dod^ ddocdood 6 
ssodd^ d 6 ^ dcodooxgod. ^odddod 6 ^ dpdod) 
s^dcpdg 8j§to6oo do6 odo^). ^odddod 6 dp&gdo 
24 dodoocp (ds^doo&pdo s^sdS £j°6 $o6pco ddgd 
dddpgdo o)cdcpgoao. 1957 d^od, spS n°5 dood ~^p°^ 
cps°, o>d^_ o)doddS d^fig&^do ^Pd$D6Poo ^to^dodo^ooo. 
o)oddd_ (dd^cp&^pod 6 ^Pd$o6j°oo dod o)ddddp esddooxgofi). 
spfi ddd3cprpd§ £pfi o>§d <$d CPe5<d). 




S°d ^Pdo Sod dd^doCO 3&. ^Pddo6POO ddOD^e^d^cdcPOOO. ddoodo do'dSo &,&&§ 

^gd (ddoe^oo ddgd ^d$o&pod d°do^ og^gd^ dSod^s^do. £°d: cpgp> ^d^d^d 
3dcg& dod 6 5°oo£tg3S cpd ^d^P 5 dodod ddgdd. C0 2 ^c^cpoo, doodgd 

ddodgoo 0 )d^)S§ OlOS° doo^g ddodgoo S°e5dD. 0)0°7^ (dSDOdDd ^ 0 (dd d§ dg°^ 

id^d^0odc^>d§ ^Pdd§ ddo ddd& dd^^d:. 
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g'otfai ss&ssiq&s - 
ssodat 

£ocS ■£§ 

— 0 

(o5^ fb&^3 

L /V~\ oo oo v_ 

oD^ L ^ep5 5^3^ 
&od3 (o5a3o 
^sdo^o Ibdofixdood. 
n°o$& doco 

S)d^£b<&)o£). 



(S^od^o^dbl^od), 
y/ c3cy (oS^dod 6 


3^ol&^aj6 ^Pd'dl 
sSo ^3 <dfb<d3od).^~ 

°° ej o _S 


cy£) £>£>d3Y>do 55o < §sSdEg o 3S 
&oddss> S)d^£b<dood). rrgS, tSdoodo, 

£ffb 5ood5g^ sio^^po ^YddrY 
^Pd'dS sSo ^d<dfv)£Y 8Ycdoo^)co d3coS5doS§). 

D°p, Sfctf gSSxg^SSdo ^30e5g^S) S)d^)d^) 


Q^ 





D 


SS'nG) 

el q 

^°a ^oisd 

2^0 S5g 

D 

20% £§3 

O 

^dorY 3dcg&n° 
sSy^cSod^. 





(fbco <ddt5o dio&Sddo S^o 

m no Sk_o q m 

6j°6o $&£> 5^3^oo6j°d3. 


^ dSsfcoocgo to6 £063 

S&&5 S°d^)0 (oDe 30 «^ISS 
c00830^)0£)c5 dVpoS fbdSS^eYdo. 


^d^SS 6 s5o&6 E^SaSo dodo<d 
^dira$&3od). dodo<d eS&gpS &s^(d<do sSd, 
J)do;^i Jb^ocdoo £od<do sSo es^Ydod 6 ^) 

(j 00 

&£Y88 S^d&CYU 0 ^ c33o3dorY t£o6YQ33. 

cp 0 ) 


^Pd 'd§<§ 6 £>063 ^^$^3£)£3 
e9&)0 &S§OCY <3cY ©3 
<ddt5o lSy&^sSo&sS &£) 
^di>. ^d dodg&s 6 ess^do 
^fiS^&OdS^ ^cdoo 
siotSo^ooub e5d5;3 3sfc)S. 
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ddoo do ^o Sod Ibd Ibd f^dooo dd^d^ooo. ddaodo 8P^)co ^Mddpc3°o§ fbd 
e9S&0°ooo. esoddigef ^o(C3°o Su^espo s^draorp Ibd do^gd 6 (dasodo d°dcpgoo 

t^otood. dd^o ddgdo dood, cS&c^qr^d dgtpod d°d^1b (d(pcdo dddo 
^o(dd ddabpdod 6 dd^ dddjoo d°o£) ^)^ooo. 


^Pd'dd dddbpdo do dcpgddrao# d°dDddgorp 8§So5°d£). (dd)& 
du^6j)o 0 , §°dd dDodgd ddodgoo oid^d &od^). 



^pd'dd oid d5c5 oioddo 

o>dddo <3d: s°sdS £Yb, ddoodo 

eo o’ 

dX)dc3d o 3°(^3 cO a)d^>do3od 

Q Q 

dj^CPo Sodorp dspssp 3c35ygl>)d 
o>dddo ^oddo. 


ddog<f ^o(C3°o dood dj^dorp 
Ss^d 6 , l^o^d 6 d^>CP 

oL 00 7 v- 00 

^Pd'dd ^O^CPOd ^dodddo]. 
e5&>, odl doodgd [£j° 

^o°d oi^d 6 ^Pd d^ib^dD 

00 00 

©sSxpyft. ^o(oScpc&>£ £)&§<§ 
36$o° sS^sS&o &o^_si£) 
Sx>Qoe$ d°i5&$d&ab3S), 
©^CPcXb^So&S). 
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ij°6^ ddd^pdo dd spepdbco 

o oo 

s^dodgo dfbdoocSrpd Ibdddo. 
s°^S dcdpd^oood, dcdpd^oood, 

dej)5 dcdpd^oood, S°dddo j^odgd 
dSddd dcpddo spspddsood 6 ^ ddoddd) 

S°o(dcpcdod *2® 6&)S dqp^d 
dd ^PePddra 5°dodgO 
Ho6ofb<dood. 


^Pd'di ddd^ptfo dd 

o oo 

d^dorp ddg £)§<d^§ 
d>c&g gpdoj dfbdood. 


2040 dep ld>d>od £§ a^SS 6 50% ^dod6od)8D^ 

OO v_ _0 oJ_0 ^ Q 

dd&d dooc3 ddoodd ^)^)£SOd d)od^. 





(ddodo (ddodod 6 200 d 6 ^ (oSssdo 
£>dog<f ^Pddgo e^dDocp Sd£^ 
ddododo^do. 

ddo^d 'ddoD opdodocQ, d)d^ (ds^^cO^ 
d>odo^ si. fi. ddo^dS 6 

^d'dd^) ^"S do^ dood 

o o 

J iSdd eSdePdd 6 S°odod0 

(dd0od>^1b esds^o &od. 


...^ 
■*X\ IV™ 




^pd sp&S Ipdod, £pd S°dd dd ddp<f 

oo 7 oo q oo ED 

£p6d0 di*bePO00. ■& ^Pd •£§ ddc^ptfo ddPef 

83 o — ° e) 

d 6 ^ doo& ddcorp &o£oood. 



d)ddo £°rb, ddoodo, rygS sidS^ 
ddgddood dS^ooo? 

^ddodOodddd 'Sepes siodfr^dS^fll dopdo 
dpdogci dd^ d 6 ^ Sg> (pdo dpdogd Sod 
•ssqpddd 8§£>o£)d dDod^d, 880<dod)^ 
d)d^dt°e5 -ds sio^d dd&do. 


^Pddd ddc^pdo dd (d)83d (d°8DdgO 

ibdofbdood. d§ d 6 do d><34 dddod 

D 

Sod, ^o(d dddod Sod <ssqpdd^ 
dod& dpdodood. d<34 <S3odd§, 
(dd)& dd§ €Pgd§ dtod^d ddP8so 
d^cdooddpdo d)d^cpd§ 

oj eJ q oj 

d^do ^dood. 


8od dodod 6 $p£d Sod d^ ^Pd'dd ddod Scpd sfcdd)^ 
$pdo Sod do do dp do spcS •£§ d^ ddo^d. 
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•goc^cp^ cra^cix 8 §CWp£ (?°<^ #SK£ ^9 ^op^cc? pqc^g c?gS SI goc^Qijjcj) ggoy^ pqqj^g rapes cya£cc° §c^pci @OaS^3, 


jdodgd d^o^dcpcdod 
^pdl^cdo dodood £ j °6 d^dgS^ 6 
doddo d§o ssS&fooS. 



c\^0 S}d dcS £j°& £& 
dodrp ^oS 6 3«°ego 
Sod dd6o£> &odoood. 
s°sdS Sfb ^pspdod 6 

eo 

*£§ &S)dp StffrgooaS 
62§)d 3«°ego Sod 
f^epd d°d§b ddddod 

oo 

6otoo 5. ©ao<i 


§°£ 5 ^ ©£53 

G 

- * ddood. 


^&d d^d dodo d°dgo 
s°do. ssep?^ cp(S ddocdood 6 
dpcp dode^o. 


£j°6 &dgj5 Sod dodcpdd £pep ddocdoo 
s° 0 Pe). Scftgo, dodd^ doodgdd 
doooddrp <D&gd Ib^D ^d§3$d 
SdoopS^ £pd dod^Sd 6 &o€p©. 





^pd dod^S spcpood3 
§°^8odo^)co S©d5p0. 
ddocdpdodpoorp ssdo 

G 

d'd dpdodp Se3doS 

D Q 

ddo^d dod d(Sep 
dpdo^OPf). 




/% r fll/A- _ 

y / / I ■ »l^ / i 



dodo^do, ^esdo^dD d°S 
^oopdoD doo^orp S^d)- 
dod^dpod ^^d^o ^d^do 
Sddo 6905Pd3 s^Sood. 

63 6S>OSPdOO doo^orp dpdd). 
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£>o£o rrgS, 3 ood 5 d; 6 £) 

si&)d 3 i &§>)<& d^dod 6 ddfodo 
^p^^d 6 5 °dD&dbR^|Oco. 


£j°6 &£;>&, 3 ° 3 tf 

(j oo 7 no 
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